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TESTS OF THE NACA 0025 AND 0035 AIRFOILS IN THE FULL-SCALE WIND TUNNEL

By W. KENNETE BULLIVANT

SUMNMARY

An investigation was conducted in the NACA full-
scale wind tunnel to determine the eerodynamic character-
istics of the 6- by 36-foot rectangular NACA 0025 and
0035 airfoils. The aerodynamic characteristics of the
plain airfoils with rounded and square tips were de-
termined by force tests through a complete angle-of-attack
range, including the angles for minimum drag and maxi-
mum lift; in addition, the profile drag was determined by
the momentum method. The transition points on the air-
foils were located by boundary-layer dsterminations with
small total-head and slatic tubes. Each airfoil was also
tested with a 0.20c full-span split flap. Tuft surveys
were included to show the progressive breakdown of flow
with increasing angles of atfack. Previously published
date from fests of the NACA 0009, 0012, and 0018
airfoils in the full-scale tunnel have been included in the
Summary curves.

Within the range covered, the section profile-drag coef-
ficients of the NACA 0025 and 0035 airfoils were
practically independent of Reynolds number, the values of
these coefficients for the two airfoils being 0.0082 and
0.0112, respectively. With the airfoils equipped with
).20¢ full-span split flaps and at e Reynolds number of
3,000,000, the maximum [lift coefficient of the NACA
0025 airfoil was 2.57 and that of the NACA 003§ airfoil
was 2.64. Tuft and momentum surveys indicated poor
Aow beginning at a low lift coeflicient near the frailing
cdges of the NACA 0025 and 0035 airfoils. When based
on the projected frontal area, the section with the lowest
profile-drag coefficient was found to harve @ thickness
approximately 30 percent of the chord.

INTRODUCTION

Reports based on tests of the NACA 0009, 0012,
and 0018 airfoils in the full-scale wind tunnel at the
Langley Memorial Aeronautical Laboratory were pub-
lished in 1938 and 1939. (See references 1, 2, and 3.)
The accuracy of these data has been widely accepted,
and in somse instances they have been used as & standard
in determining corrections for smaller wind tunnels.
The present report of the NACA 0025 and 0035 airfoil
tests extends the data of this particular airfoil series to
8 thickness retio beyond which there is little likelthood

of flight application. A test procedure similar to that
used for testing the three thinner esirfoils (references 1
and 2) was followed. This procedure includes momen-
tum and boundary-layer determinations and tuft sur-
veys for the plain airfoils and the determination of the
aerodynamic characteristics of the airfoils equipped with
0.20¢ full-span split laps. The Reynolds number range
for the tests was from 1,400,000 to 5,900,000. Data
from references 1, 2, and 3 have been included in several
graphs and in a table listing important characteristics
of the airfoils of this symmetrical series.

SYMBOLS

The symbols used in the report are defined as follows:

« angle of attack of airfoil

A angle of attack for infinite aspect ratio

3 airfoil lift coefficient

¢; section lift coefficient

Zﬁ slope of airfoil lift curve, per degree

a

a slope of lift curve for infinite aspcct ratio,
per degree

Co airfoil drag coefficient

Cp,  airfoil profile-drag coefficient

Cay section profile-drag coefficient

L{D  ratio of lift to drag

Cmy,  Pitching-moment coefficient about quarter-chord
point of airfoil

€m,, soction pitching-moment coefficient about acro-
dynamic center of plain airfoil

A aspect ratio

¢ 8 factor used to correct induced drag to

allow for the change from elliptical span load-
ing to a span loading for an airfoil with rec-
tangular plan form (0.051)

5, flap deflection

u local velocity, feet per second

U velocity at edge of boundary layer, feet per
second .

Vv tunnel air speed .

Y distance normal to surface of airfoil; and dis-
tance above center of wake

P local static pressure

01
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i free-stream dynamic pressure ( -;-pV*)

airfoil chord
8 distance along airfoil surface from theoretical

stagnation point
z distance along chord from leading edge of chord
t wing thickness B
H, free-stream total pressure
H; total pressure in wake
7, free-stream static pressure
F 8 factor, usually about 0.8 to 0.9
R Reynolds number

EQUIPMENT AND AIRFOILS

A description of the NACA full-scale wind tunnel
and of its test equipment is given in reference 4. The
turbulence factor of the tunnel as determined by sphere
tests is 1.1 (reference 5). The 6- by 86-foot rectangular
NACA 0025 and 0035 airfoils (see figs. 1 and 2)
were of steel-spar construction with 1ibs at 12-inch
intervals. The airfoils were covered with ¥s-inch
aluminum sheets, attached with countersunk screws.
The exterior seams and the serew slots were filled; and
the entire surface was sanded, coated with paint primer,
and then resanded with fine water sandpaper to a finish
considered to be aerodynamically smooth. Surface
waviness was reduced to a minimum for this type of
construction. The maximum variation from the true
section ordinates was + ¥ inch, but over most of the
surface a smaller tolerance was adhored to. Detachable

F1GURE 1.—The NACA 0026 rounded-tip alifoil with a 0.20¢ fullspan split flap
mounted in the full-scele wind tunnel.

rounded tips were provided for each airfoil. These tips
formed one-half of a solid of revolution, the radius at
each chordwise station being equal to one-hall of the
local airfoil thickness. (See fig. 1.)

A full-span 0.20¢ split flap was used with each airfoil.
The flap was constructed of %-inch plywood with braces
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at several points along the span to provide deflections
from 15° to 90°. (See fig. 1.) The flap deflection s,
was measured between the lower surface of each airfoil
and the flap; the hinge point was so located that the. .
trailing odges of the airfoil and the flap would coincide
when the fap was undefleeted.

Tho rake used for the momentum determinatlions

consisted of a comb of 37 small total-head tubes and a
comb. of 13 static-pressure tubes spaced 6 inches
laterally. (See fig. 3.) The rake was mounted on the
survey apparatus (sce reference 4) and each tube was
connected to a multiple-tube manometer carried in the
survey carriage ahove the jet. A sketch. of the rake is
given in reference 3.

The velocities at four heights above the surface of the
airfoils were determined by a bank of four small total-
head tubes and one static tube (fig. 4). The tubes were
of stainless stecl, 0.040-inch outside diameter, with a
0.003-inch wall thickness. The front ends of the total-
head tuhes were flattened to an outside thickness of
0.012 inch for a length of 1 inch from the opening.
Each tube was bent to conform to the airfoil contour
and the height was set with a templet-type gage. At
the conclusion of each test, the heights of the tubes
were again measured with a thickness gage. Pressures
were transmitted through small tubing taped along the
trailing edges of the airfoils and down the supporting
struts’ fo a manometer located in the halance room.

Readings were taken simultaneously at four chordwise ...

stations with the banks of tubes spaced laterally to
eliminate interference effects.

TESTS

During the tests the airfoils were mounted with the
main supports attached at the quarter-chord line of the
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airfoils (figs. 1 and 2). The angle of attack was changed
by a vertical movement of the lower ends of the rear
strut members. _

Lift, drag, and pitching moments of each airfoil were
obtained at an average test velocity of 57 miles per hour,

R - b
FIGURE 3.—Views of the rake osed for momentum determinations.

corresponding fo a Reynolds number of 3,200,000, and
through an angle-of-attack range beginning at —8° and
extending through maximum lift for the following test
conditions: square-tip with flap undeflected; rounded-
tip with flap undeflected; and rounded-tip with flap
deflected 15°, 30°, 45°, 60°, 75°, and 90°. The effect of
the Reynolds number on minimum drag and maximum
lift for the rounded-tip and the square-tip airfoils and
on maximum lift for the rounded-tip airfoils with flap
deflected 60° was determined at velocities up to 105
miles per hour (R=5,900,000) for the minimum drag
coefficients and 76 miles per hour (2=4,300,000) for the
maximum lift coefficients. Yool tufts were used on the
upper surface of each rounded-tip airfoil to show the
progressive breakdown of flow with increasing angles of
attack.

By means of the rake previously described, simulta-
neous measurements were made of the total and the
static pressures 20 percent of the chord behind the
trailing edge of each airfoil at 27 spanwise locations.
The measurements were made at five lift coefficients
from —0.5 to 0.5.

At three angles of attack, corresponding to & small

| negative lift coefficient, zero lift coefficient, and a small

positive lift coefficient, and at tunnel speeds from 30 to
90 miles per hour (R ranging from 1,700,000 to 5,100,-
000), the velocities at effective heights of 0.008, 0.031,
0.046, and 0.156 inch above each airfoil surface were
measured. The banks of small total-pressure and static-
pressure tubes were used, and determinations were
made at 0.05¢ intervals from the 0.05¢ to the 0.50¢
position.
REDUCTION OF DATA

The general method outlined in reference 1 for the
correction of force-test data and the conversion to
infinite-aspect-ratio characteristics has been followed.
In the computation of the coefficients for the airfoils
with the rounded tips, the added area of the tips was not
included. All coefficients for an aspect ratio of 6 listed
in this report are thus based on the same area—that of
the square-tip airfoils.

A separate determination of the support tare and the
interference drags by force tests was not made as in
the case of the thinner airfoils of this series reported in
reference 1. For the correction of all the force-test
results, a combined tare, interference, and horizontal-

]
I

FIGURE 4.—Bank of total-head tubes and statie tube nsed for boundary-layer
surveys.

buoyancy correction was evaluated by a direct com-
parison, at several low lift coefficients, of the drag coef-
ficients obtained by the force tests and the momentum
method. The profile-drag coefficient as determined by
the momentum method was obtained by spanwise
integration of the section profile-drag coefficients. All
of the measured values were used except those obviously
affected by the supporting struts; thus a eoefficient was
obtained that excluded the effect of the supports. No
lift correction for the supports was made because
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previous tests in the full-scale tunnel have shown that
this correction is negligible. The following formula
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FioURE 5.—Characteristics of NA CA 0025 afrfoll of aspect ratio 6.

was used in computing the combined tare, interference,
and buoyancy corrcction for each airfoil:

Co=| Coi~(Zg)1+0) |- 0o,

Co, tare-interference-buoyancy coefficient

Coy gross drag coefficient of the aifoil with
rounded tips corrected only for stream-
angle and jet-boundary effocts. (See
refercnce 1.)

Cp, profile-drag coefficient of the airfoil with
rounded tips from momentum survey

where

The tere-interference-buoyancy coefficient Cp, for
the NACA 0025 and 0035 airfoils at zero lift
amounted to 0.0029 and 0.0046, respectively, which is
slightly greater than one-third the minimum drag of
each airfoil. The portion of the Cp, due to buoyancy
was determined for each airfoil from static-pressure
surveys in the test plane and was found to be 0.0007
for the NACA 0025 airfoil and 0.00i0 for the
NACA 0035 airfoil. The Cp, values decreased rapidly
with increasing angles of attack and at 7° (the highest
positive angle at which momentum determinations
were made) approached constant values of 0.002 for

! the supports

- factor,

. &UTOG
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the NACA 0025 airfoil and 0.003 for the NACA 0035
airfoil; these values were used for the higher angles
of attack.

The foregoing method of determining the effect of
on the airfoil drag does not permit an

accurdte pitching-moment correction; therefore this

correction was not applied. Because previous tests
have shown that very small pitching-moment correc-
tions a.fe due to these supports and because the pmhmg-

momeﬁﬁ cocﬁiclent curves for the airfoils used in the

' preseﬁ't investigation pass through zero at zero smglo

of &t’oﬁk (ﬁgs 5 and 6), the error due to the omission
of thig, corvoction is believed to be negligible.”

Wake “characteristics in figure 7 of reference 6. The
free-stream dynamlc pressure ¢, O Ho—po, was ob-
tgined in the usual manner from tunnel calibrajions.
In o'ﬂer to_check the section proﬁle—dra;g caefficients
as det.elmme& by the foregomg simplified metfhod in-
volwn,g the use of the F factor, computations were ulso
made by the longer, more rigorous methaod outlmod in
reference 3 for the NACA 0035 airfoil, and exact
ént resulted, The true section proﬁlc dmo' of
oach aufoﬂ was considered to be. an average of tho
va.lues ob’camed by the momentum met,hod over ﬂéhe
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Fi1GURE 6.—Characteristics of NACA 0035 alrfoil of aspect ratio 6.

middle 28 feet of the span exclusive of the values affected
by the struts and the local flow disturbances.

The boundary-layer test data have been presentcd
in the same form as that employed in reference 2 so

“The
was, obtmncd by substitution of the proper
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that tho graphs for the NACA 0009, 0012, and
0018 airfoils might be compared directly with those for
the NACA 0025 and 0035 airfoils of this report.

PRECISION

The accuracy of the basic measurements is believed
to be within the following limits:

e o e e e e e +0.1°
C gz - o e oo e +0.05
Oy e . +0.0004 (CL=0)
L +0.010

RESULTS AND DISCUSSION

Force and momentum tests.—The principal aerody-
namic characteristics of the NACA 0025 and 0035
rounded- and square-tip eirfoils of aspect ratio 6 are
given in figures 5 and 6 for an average Reynolds number
of 3,200,000. Although curves for both rounded-tip
and square-tip airfoils are shown, the test points for
the square-tip condition are not included. The cor-
responding section characteristics are presented in
figure 7. The fact that the lift curve of the NACA
0035 airfoil does not pass through zero at 0° angle of
atteck can be accounted for by a slight strut interference
effect-on the lift, which has been disregarded in these
tesis.

Figures 8 and 9 show the progression of the stall with
increasing angles of attack, as determined by tufts
taped on the upper surfaces of the airfoils. The cross-
hatching indicates a reverse fiow or a haphazard motion
of the tufts. The row of tufts nearest the trailing edge
showed a slight disturbance on each airfoil even at zero
lift.

Thoe effect of Reynolds number on the maximum lifts
of the plain and the fAapped airfoils is shown in figure
10. In the range investigated there was an increase
in maximum lift with increasing Reynolds number ex-
cept for the NACA 0035 rounded-tip airfoil between
Reoynolds numbers of 1,600,000 and 3,100,000, where
tho efflect was noticeably reversed. The minimum drag
of the airfoils with rounded and square tips is shown in

figure 11 to be practically unaﬁ'ected by Reynolds.

number changoe.

The section profile drag as determined by the momen-
tum method at 27 spanwise locations is shown in figure
12 for three of the angles of attack at which the deter-
minations were mede. Thelocal drag increase near the
midspan of the airfoils might be explained by an in-
creased turbulence of the jet in this region. Sphere
tests (reference 5) showed the stream turbulence to be
considerably greater at the tunnel center line than at a
station one-fourth the jet width out from the center
line.

The Cp, values previously mentioned for correcting all
the force-test drag data were those obtained by integra-
tion of the curves in figure 12 across the full span includ-
ing the tips. With disregard of the large local effects
and with an average taken over the middle 28 feet of the

airfoil spans (dashed lines of fig. 12), the section profile-
drag coefficients ¢, were obteined. It will be noted
that the net effect of the rounded tips on the airfoil drag
is slight.

Figures 13, 14, and 15 present summary curves show-
ing the effect of Reynolds number, lift coefficient, and
section thickness on the profile drag of NACA

.048 48

a.c. /lacation

6".040 <0
R Ahead Above
T NACA of c/4 chord >
] 0025 0.058c 0.065¢ ¥
g ——0035 .090- ./00- -
3002 223
o
S e
b 5
£-024 P40
g } a-
2 {
Q 1 2
8 / / S
.0/6 4
.g ,/ /// IGE
(1 N P/ S
~— [ ¢'¢' //r // ':
[~~~ LT A6 A
008 A5 a§
.- 9
N u
S 4 - ¥
O ke mam fe SR S WP S P =
Ig & O—— = ] £ L o
o T N
_E&J //
2 4
g“g".f -8
:'G Q
3 ~4 a 4 .8 =4

Section liff coefficient ¢,
Fiiure 7.—Section characteristics of the NA QA 0025 and 0035 airfolls at &
Reynolds number of 3,200,000,

gymmetrical airfoils between 0009 and 0035. Data from
references 1 and 3 have been used in the three figures.
The effects of the square tips obtained from the present
tests are also included in figure 14. In figure 13, the
profile-drag coefficients for the NACA 0025 and
0035 airfoils beyond the range investigated by the
momentum method were obtained by deducting the
computed induced drag from the drag obtained in the
force tests. (See figs. 5 and 6.) The section profile-
drag coefficient at a Reynolds number of 5,000,000 is
0.0081 for the NACA 0025 airfoil and 0.0112 for
the NACA 0035 airfoil. The profile-drag coeffi-
cient increases on a straight line (fig. 14) with airfoil
thickness up to 25 percent; after a thickness of 25 per-
cent the coefficient increases more rapidly. It is
interesting to note the large amount of drag caused by
the square tips on the thicker airfoils. This drag
amounts to more than one-fourth the total drag of
the NACA 0035 airfoil. In figure 15 is shown the
variation of the section drag coefficient at zero lift with
Reynolds number for all the symmetrical airfoils tested
in the full-scale wind tunnel.
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FIGURE 12.—Variation of section profile-drag coefficlent across the spaus of the two rounded
tip alrfolls of aspect ratio 8 at three angles of attack. Reynolds number, £,400,000.

The characteristics of the NACA 0025 and 0035
rounded-tip airfoils of aspect ratio 6 equipped with 0.20¢
fullspan split flaps and the corresponding infinite-
aspect-ratio characteristics are presented in figures 16 to
19. It will be noted in these figures that, for the flapped
airfoils, ¢,,, , is taken with reference to the aerodynamic
center of the plain airfoil. Comparison of the O,EH and
thec, , curvesreveals that the pitching moments 2bout
the quarter-chord point for the flapped condition are
more nearly constant and are of smaller magnitude
throughout the angle-of-attack range than those taken
about the aerodynamic centers of the plain airfoils.

The effect of a 0.20¢ full-span split flap on the max-
imum lifts of the NACA 0025 and 0035 rounded-tip
airfoils is shown in figure 20 by curves of the maximum
lift coefficient and the increment of maximum lift co-

efficient against flap angle. The maximum lift coeffi-
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cient for the NACA 0025 airfoil with flaps deflected
was 2.57 and for the NACA 0035 airfoll was 2.54,
the corresponding flap angles being approximately 75°
and 82°, respectively. With these flap-angle settings
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FIQURE 13.—Verlation of profile-drag coefficient with lift coefficient obtalned from

momentum and force tests. Reynolds number, 4,400,000,
the increases in the meximum lift coefficients were 1.54
for the NACA 0025 airfoil and 1.69 for the NACA 0035
airfoil.

In figure 21 data from reference 1 have been included
to show the variation of maximum lift coefficient of the
plain and the flapped airfoils with airfoil thickness.
When equipped with a 0.20¢ full-span split flap, an
airfoil having a thickness between 25 and 30 percent
of the chord has the largest lift of this symmetrical
geries. _

The variation of the speed-range index C, ma.z/ Co,..
with airfoil thickness is given in figure 22. If this index
is used as & criterion, the optimum thickness for a plain
airfoil is between 10 and 12 percent of the chord. The
optimum thickness for the flapped condition cannot be
accurately stated because of insufficient data. It will
be noted, however, that the penalty for increased thick-
ness is not nearly so great for the flapped airfoil as for
the plain airfoil. When the section profile-drag coeffi-
cient at zero lift (fig. 14) is based on the frontal ares, as
in figure 23, the drag coefficient becomes a minimum for
a thickness ratio of approximately 0.30.

Table I presents a summary of the important char-
acteristics of the NACA 0009, 0012, 0018, 0025, and
0035 airfoils obtained from full-scale wind-tunnel tests.

With the use of the maximum p/q, values (later ex-
plained in figs. 30 and 31), the limiting speeds due %o
compressibility have been computed for each of the
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airfoils according to a method outlined in reference 7.
At sea level and at a lift coefficient of 0.3, the estimated
critical speeds of the NACA 0025 and 0035 airfoils
are 440 and 400 miles per hour, respectively. At alti-

.0i2

/

000

€]

{b)
32

N

g 2 6. 20 24 28
_ Airfoil thickness, percenf ¢

. {8} Sectlon profile-drag coefficlent at zero Hft, czy,

(b) ACE_ ;» dUe to square tips.

FIGURE 14.—Variation of section profile-drag coefficlent and dmg due to square tips
with airfoil thickness for NACA symmetrical airfoils. Reynolds number,
5,000,000; Cr, 0. (Data for NACA 0009, 0012, and 0018 airfolls from reference 1.)
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tudes other than sea level, the critical speeds would be
decreased approximately 1.5 miles per hour per thou-
sand feet of altitude. Although the method outlined
in reference 7 for obtaining the limiting speeds due to
compressibility has been generally used for estimating
critical speeds, it has been shown to be somewhat opti-
mistic; consequently, the values listed in table I may be
as much as 5 percent higher than would actually be
obtained.



TESTS OF THE NACA 0025 AND 0035 ATRFOILS IN THE FULL-SCALE WIND TUNNEL 99

The foregoing data indicate that the penalty in drag
for airfoil thickness up to 85 percent of the chord is not
unreasonably high. It appears that airfoil thicknesses
up to 25 percent of the chord might be advantageously
incorporated in an airplane design.

Transition measurements.—The location of the
transition points on the upper surfaces of the NACA
0025 and 0035 airfoils for several lift coefficients and
tunnel speeds was determined from the boundary-layer
velocity measurements shown in figures 24 and 25.
Table IT presents a list of values by which the distance
from the theoretical stagnation point along the surface
(sfe) is converted to the distance along the chord from
the leading edge (zf¢). The velocity 0.008 inch above
the surface generally decreases with increasing distance
from the stagnation point until & minimum is reached;
then it rises to 2 maximum and starts to decrease again.
The transition point is defined in this report as the s/e
position at which the 4/U value begins to increase after
the first pronounced minimum is reached. The transi-
tion region is considered to be the region of increasing
values immediately downstream from the transition
point.
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The transition regions for the negative angles of

attack (figs. 24 (a) and 25 (a)) are seen to be poorly
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defined by the determinations with the tubes nearest

the surface. The typical velocity-distribution profiles
given in figures 26 and 27 for a Reynolds number of
3,200,000 show that fully developed turbulent profiles
were_never obtained for the NACA 0025 airfoil al
negative lift and only at the gfc position farthest from

the stagnation point for the NACA. 0035 airfoil.

In figure 24 (c) a tendency is observed for the transi-
tion point of the NACA 0025 airfoil at a lift coefli-
cient "of 0.49 to become less sharply defined with
increasing tunnel velocity and to move far forward at
the highest speed obtained. The corresponding velocity-
distribution profiles at a Roynolds number of 4,000,000
indicated that the transition point does move ahead to
an 8/c position of about 0.2. Unfortunately, determina-
tions were not made over the forward portion of the.
NACA 0025 airfoil at the Reynolds number of 5,100,000,



TESTS OF THE NACA 0025 AND 0035 AIRFOILS IN THE FULL-SCALE WIND TUNNEL 101

5./
Qf | -
¥ o ol R
N - [T 1 U1
S ~— AR I Y Y U N B 22— a.c. locatfion
56_ Ik | _Ahead|Above
Q " p-d AT =4 | of ¢/4| chord
I o R s P — .20—0.03c | 6./0¢ :
P S T I e s e -1 : y ~T
s Eeee e LD :
g ~~ 1 _174 — /8 >
6\—‘3 T =1 d 14 il A
§ /6 A I e e
5 -4 pd
& - i
Q < .deg o j
E . /4 // /‘,——-\
7—15—— - o
‘ég """" ’ 4 .~ / ? ‘} 'A/
g5 .20¢ = %g NE-2 T
61-60-—- = b 4
| 76:;——-- el P B Qg
5 S P _LeP P NS A0 —
g- ZAP %l £9 =
b [} %‘ <z A1 G ,—/—
N L1 e P P g .08 —~
L 4 =1 -2 . & A “ -
g ,/ A & P . - ‘// [
HQ\J 1T 1F L~ s P .06
9.3 g e e 2] /i &,deg | _|
T o e e guke
S A L I T - i 04 7  J——
Q] 4\2/,. P 17 7 432:'""j
T T T T o o2 e ——
/ - _ | .~} /,/ \‘_—/ ;g -
[t g » —_— e . ™1
— == — = — 1 o |
=== — —1 (b) /
8 -4 0 4 8 12 16 20 24 28 2
Angle of atfack, & ,deg
(b) Drag and pitching moment. JE g /,
FIGURE 18. é B; / L ///
o g 4 174 A 1/ ’;/
5 e T ZERESY.S7
= x A
L 20 oy @ 4 A /-/ > I/
® %8 A A |k /./ A
y A T e N (O S N ) % 1- i Z
B -1 28 4 e ) "z
§4o I T E\E A T T VA4
g | ,3«7’ E AT IAA
- o e A £
NEY i T8 AV
E yd A F '/’/ -
9 A 1
; 0 -
¢ - <]
1) ﬁ( c \\~
7 T E -/ N R
12 A / \\ g E = i ~
AN [ .
] [l 1/ Bz -2 -
. i /  — \\ s & I~ T
1) 2 A E:‘J, - SN
£ T NN 8, Sl -
At o ek N BN
£ AL e = F == Y \"'\EF So S
¥ A1 / R e ~§ ©_4 I e
W {7 { V M R
O gt i N -
Q / . - [P
ST ¥ =
ST T = 4 0 4 8 12 16 20 24 28
Section lift coefficient, c,
-8 l-4« o 4 @8 2 18 20 24 28 e
Angle of atfack,d ,deg FIGURE 10.—Section characteristics of the NACA 0035 airfoll with & 0.20c with
() LiD and of pressure. & 0.20¢ full-span split fiap at & Reynolds number of 3,000,000.
F16URE 18.—Characteristics of the NACA 0085 airfoll of aspect ratio 6 with a

0.20¢ full-span split flap.

430184°—42——8



102

28
u‘i "_'/ =TT '-\
Q4 ]
“E' < /}ix //{..

&

D LRy AN
E A b t‘?
S2.0 LA
5 /
§ /

L8
g Y
X 7 e
] K A
§/6 7 S+ :
% : e T
x /1 WPZEcrm a
5/.4 T )
§ A/ .
g Le /‘.{ /’
S % 7 a
T ) .
§ 40 7 Y4

i 7
o s v
X /s
R} 7
S 5 A «
LY % X
y A :
U 4 /
L //‘
N A7 _ NACA ——
g 2 - o———= 0025, rounded Fps |__|
ET VT T a— =~ 0035, . .-
X
L [ 11 _

0 10 20 30 40 &0 600 70 & S0

flap defleclion, 4, ,deg

FIGURE 20.—Varistion of maximum lift coefficlent and inaement of maximum lft
coefiicient with flap deflection for two NACA sirfolls. Reynolds number,
3,000,000; aspect ratio, 8. .

360
~]
320 [~
N
With 0.20c full-spon .-
?ln‘ flop deffecled.
or greatest llﬁ‘
280 s,
N
N
N
240 \\
N
i N
t) ~
N
u!f60 \* .
Plair oirfoil with
- rounded tips | |
120 RN
™~
™~
&0 <
40
o

2 24 28 32

16

Airfoil thickness, percent ¢
FiuURE 22.—Variation of CLxes/CPunis With airfoil thickpess for NACA
symmetrical serfes.

"'REPORT NO. 708—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

3

3, EEEEN -
Qj __o—P/afn c/rfm/ wn‘h rounded ¢ ps_&_ .
a Xrmmmmmme . % squore |
wIo—Tra——m— /ncr'ease of G, due to flaps ]

S L o—-—-Maximum /it Wi flops de- ||
3 28 flected

E .

v

§26 L S
N = =+

24 =

§ ¥

S22 4

Q. .

'S

g 20

5

£ 1.8

1S _A;_:"‘u’_
N6 -

d 3%

w4 4

_E LT

JEr e

8: N // \.\
Flo A

N ™~ e

g TR

$o

S

R g 12 I 20 24 28 32 36 40

Airfoll thickness, percent ¢

FIGURE 21.~Varlation of maximum lift ecefficlent for an airfofl, with and without
flaps, and increment of maximum lift coefficlent due to flaps with airfoil thickness
for three NACA alrfoils. Reynolds number, 3,000,000; aspect ratlo, 8. (Data for

NACA 0009, 0012, and 0018 airfoils from reference 1.)

.07
M
G;="-'.06" \
. .
§ 05 \\ _ : . d
x| ¥ N
E . N
K] s
.g .04
0
§ § [~
9I5.03 -
SR L.
& 2
E b2
[y} M
®
0 L L H 1
] dfe 6 20 24 .28 .32
, , Thickness rafio, tfe .
0o 8 & 5 3

Fineness ratio, cft

F1aURE 23.—Variation of section profile-drag ccefficient (based on thickness) with

thickness ratlo. Reynolds number, 5,000,000,




TESTS OF THE NACA 0025 AND 00356 ATRFOILS IN THE FULL-SCALE WIND TUNNEL 103

= .y
& S Aot 6 - A _'E’,%""O‘ S
o— 3.2 \ o————232
a—— 40 v ~——4a
+—- 54 -5/
5 /'\ 5 ‘\\\\
: \\ a\\‘\
N e —t
4 = 7 B 4 \§\\‘\ : /}(\
: ] / N N\ S {0
SRS NEIANEE s AN V1A
. § i Q ;
o-4-a, \\\\ //} \\ L[ T - ‘\\\\ //'/
B “\\\h\\\_,_ﬂ/ .,/( \‘ ’//J‘ > - o :\ o MU ’/
NUARYZE N
"‘;- —a o - T ~_ -3 -
/ mLLY POV PPN / B . ) —
(a) (a}
o I} -
.G g
3\
; \ \
5 a Al 5 -y ‘\
|‘l :~\~— \ \‘ ‘.r"u‘ /j-
. IZEEN IEENNUREEZE S
IZERN !: {/ D Y \\\\ x\ /V -[fh\ [
u 4 I i ! - ! [
AEED =R ARNRNNNDZIAG
ZI N RN SN
-~ ‘\l A r/‘ ‘,_._J:l" “\ AN ‘1 ‘.
£ . “.\‘\§- / "" ad " “L‘\\» * - !
/e NNEEN
N % eI\ | F
] — e ! 4t
(b) (b)
0 o ——
&
N
.5 /// ya %\P ‘5 \'
711 A\ T
) U INTEL JERE R R P
A N |\ VNS
L H RS ! I B \~ ™
RN R NS . NN E VRN
o] e NN /A IR
2 odo” \ ] ,'I 2 \n\ \._/ / ks
L NP
l\x g/ i TP o
N o — i 2
) _ @
i V; .z w3 4 .5 o W .2 3 4 .5 3 T
sfe sfc
(a) c;=—0.47. (b) ¢;=0. (e} cy=0.49. (a) e;=—0.33. () c1=0, (c) ci=0.36.
FI1GTRE 24,—Boundary-layer velocities 0.008 inch above the npper surface of the | FIGURE 25 —Boundary-layer velocities 0.008 Inch above the upper surface of the
NACA 0025 airfoil. NACA 0085 afrfoil.



104

REPORT NO. 708—NATIONAL ADVISORY COMMITTEE FOR AERONATUTICS

(b} ¢i=0,

(u) ¢,m—0,38.
FrouRE 27.—Boundary-layer velocity proflles at several chord positions on the NACA 0036 airfoll. Reynolds number, 3,300,000,
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The veariation of the transition-point location with
Reynolds number for the two airfoils is given in figure
28. At low speeds, the forward movement of the
transition points with increasing Reynolds numbers is
quite rapid for the negative-lift and the zero-lift
conditions. The position of the transition point for
the NACA 0035 airfoil at the positive lift remains
practically constant throughout the Reynolds number
range investigated. There is also a slight movement
for the NACA 0025 airfoil at a ¢; of 0.49 up to a
Reynolds number of 3,200,000, but from this point an

Figtrx 20.—Eflect of airfoll thickness on the loca-
tion of the transition point. ci, 0,
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FIGURE 31.—Pressure disfribution on the upper surface of the NACA 0035 alr-
foll for three section lift coefliclants. Arrowhead ticks indicate the locations of
the transition points for Reynolds numbers of 1,700,000 and 5,100,000. The eati-

mated Jaminar separation points are denoted by S.

transition point to move forward a distence equal to
7.5 percent of the chord.

The effect of airfoil thickness on the location of the
transition point is presented in figure 29. Data from
tests of the NACA 0009, 0012, and 0018 airfoils in
the full-scale tunnel (reference 2) have been included in
this figure. The curves indicate that transition takes
place farther from the stagnation point as the airfail
thickness is increased.

The pressure-distribution determinations, which were
obtained with the static tubes included in the banks of

tubes for the boundary-layer surveys, are shown in

increase in Reynolds number of 800,000 causes the
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figures 30 and 31 for each of the test lift coefficients,
The static-pressure-distribution curves for the NACA
0025 and 0035 airfoils at zero lift are parallel to but
considerably lower than the theoretical curves. The
discrepancy may be due to failure of conventional
airfoil theory when applied to airfoils of these extreme
thicknesses. _ -

The mans1t1on-pomt location obtained at the highest
and the lowest Reynolds numbers of the test is indicated
on each of the pressure-distribution curves in figures
30 and 31. The laminar separation points, which are
also indicated on the curves, were estimated by the
method of reference 8. If will be noted that the
separation points in most cases are not far distant from
the points of transition.

CONCLUSIONS

Within the range covered, the section profile-drag
coefficients of the NACA 0025 and 0035 airfoils wers
practically independent of Reynolds number, the values
of these coefficients for the two airfoils being 0.0082
and 0.0112, respectively. With the airfoils equipped
with 0.20¢ full-span split flaps and at a Reynolds num-
ber of 3,000,000, the maximum lift coefficient of the
NACA 0025 airfail .was 2.57 and that of the NACA
0035 airfoil was 2.54. Tuft and momentum surveys
indicated poor flow beginning at a low lift coefficient
near the trailing edges of the NACA 0025 and 0035
girfoils. When based on the projected frontal area, the
section with the lowest profile-drag coefficient was found

REPORT NO. 708—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS .

to have a thickness approximately 30 percenf of the
chord.

LangLEy MEMORIAL AERONAUTICAL LABORATORY,
NatrowaL ApvisorY COMMITTEE FOR AERONAUTICS,
LancLEY FieLp, Va., September 25, 1940.
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TESTS OF THE NACA 0025 AND 0035 AIRFOILS IN THE FULL-S8CALE WIND TUNNEL

TABLE I

TUNNEL TESTS
[Data for the NACA 0009, 0012, and 0018 airfoils are from reference 3.]
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IMPORTANT CHARACTERISTICS OF THE NACA 0008, 0012, 0018, 0025, AND 0035 AIRFOILS FROM FULL-S3CALE

Alrfofl characteristics, aspect mtlo 6 Seet!or]xsfa;mctez-
Reynglds . 3
number
NACA airfofl e vt . ACluss
Hons) Ct G gL c L Fy cg at | a, (per
maz L ez da Din D fent ¢ deg)
(deg) | (oer deg) aad I O cr=0
2 1.09 16. 4 0.070
| T@| Te|
0000; rounded tips. ... 5 125 150 050
1 [ 2 PR F——— 070 i
S DO Q70 v
2 1.21 17.9 .060
IR
L . .
00132; rounded tIp8. ol -3 I * 08
[ J0 PSR P .069
(R [ . . 068
2 1.14 18.2 . 088
| B =
0018; rounded £1pS. . oo s 5 . - : 068
6 .068
i T .068
2 1,02 22.3 . 062
3 103 21.2 . 062
0025; rounded tips__ o | 4 1.04 20.5 062
5 062
[ J (O I —— .002
2 .90 20.3 . 044
3 .86 2.9 .04
0035; rounded tips. 4 .86 20.6 .044
5 .044
6 044
molg” square tips; 0.20c fullspan split fiap deflected ; %;f %g'g :%g
' | B OBip o
moﬁo'.“ rounded tips; 0.20c full-span split fiap deflected 3 252 2.2 s |t N - i1
R A I e e e
00‘:’ rounded tips, 0.20¢ full-span split flap deflected 2 244 150 Te82 | R R I T
* £ 2,44 5.8 .082

1 Inerement of 1ift due to 0.20¢ full-span split flap with flap set at angle giving greatest maximum liff. Values taken from faired curve (fig. 20).

TABLE II

DISTANCES ALONG THE UPPER SURFACE (s/¢} FROM
THE THEORETICAL STAGNATION POINT CORRE-
SPONDING TO DISTANCES ALONG THE CHORD LINE
(zfc) FROM THE LEADING EDGE OF THE TWO NACA
AIRFOILS TESTED

NACA 0025 airfoll NACA 0035 airfoll
Ifc &fe &fe
ei=—0.47 a 0.40 ¢;=—0.33 0 0.85

0.00 —0.021 0 0. 022 —0.035 0 0.087
.08 .072 .083 115 .085 .120 .157
.10 .128 . 149 170 144 .17 .218
.18 179 . 200 22 . 198 . 283 370
.20 . 230 . 251 .278 340 .284 .321
.25 .281 . 302 .323 . 300 . 838 .a72
.30 .330 .851 .37 .350 388 .422
.35 . 380 .401 .428 .401 .438 .473
.40 .430 . 451 472 .450 .485 522
.48 480 . 501 .523 .500 . 586 -572
.50 . 536 . 551 513 . 550 . 538 022




